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Introduction
Metallic glasses (MGs) have been extensively employed as either structural [1] or functional materials [2] in industries due to their superior physical and chemical properties such as high strength [3, 4] , excellent corrosion resistance [5, 6] , and soft magnetic properties [7, 8] . However, the development of bulk metallic glasses (BMGs) still has many obstacles, such as the absence of plasticity [9] . Recent reports demonstrate that thin film MGs with enhanced mechanical properties present great potential application in the catalytic research field [10, 11] . To date, MGs with various elemental compositions have been widely studied as effective catalysts for industrial effluents treatment [12] [13] [14] [15] . It has been reported that the Fe 78 Si 9 B 13 and Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 MGs demonstrate 5 -10 times quicker production rate of reactive species than the currently employed Fe-based catalysts [16] . The Fe 76 B 12 Si 9 Y 3 MG powders show 1000 times higher reactivity than crystalline Fe powders in treating methyl orange [17] . In addition to their superior reusability, the Fe 76 B 12 Si 9 Y 3 MG powders and ribbons could be reused up to 13 cycles in methyl orange degradation [17] and more than 30 times in degrading methyl blue without significantly loosing efficiency [18] , respectively.
These catalytic performances show that using amorphous alloys as catalysts would provide better efficiency than the traditional crystalline catalysts. However, the catalytic mechanism is still not yet clear.
Conventional techniques, such as physical, biological, and chemical approaches, have been widely explored to remove various dye effluents. The physical treatments achieve removal of toxic organics by naturally occurring forces without altering the nature of organics. Biological methods are ineffective because the microorganisms are less resistant to the complex aromatic structure of dye effluents [19] . The traditional chemical method always causes seriously secondary pollution. Recently, advanced oxidation processes (AOPs), which combining chemical and advanced material technologies are rapidly developed, such as
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4 ozone (O 3 ) oxidation [20] , Fenton/Fenton-like process [21] [22] [23] , and photocatalysis [24] [25] [26] .
The superiority of the AOPs is that the reactive species, such as hydroxyl radicals (•OH) and sulfate radicals (SO 4 • − ), can be generated to effectively oxidize organic matters from effluents into H 2 O, CO 2 , and other harmlessly inorganic molecules [24] . Very recently, largely due to the superior features of abundant natural source, low cost, and friendly environmental compatibility, Fe-based heterogeneous catalysts have been extensively investigated for their performance in AOPs, such as goethite (α-FeOOH) [27] , magnetite (Fe 3 O 4 ) [28] , hematite (α-Fe 2 O 3 ) [29] , maghemite (g-Fe 2 O 3 ) [30] , and zero-valent iron (ZVI) [31] . However, these catalysts still have significant disadvantages, such as low efficiency, less reusable, fast decay, and secondary pollution [21] . Recent reports demonstrate that using
MGs as catalysts could effectively overcome the abovementioned shortcomings and their catalytic activity could be much improved by tuning their particle size [32] , surface morphology [33] , surface to volume ratio [5] , and chemical composition [14, 15] . For example, the Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 MGs can be used as an effective catalyst in activation of hydrogen peroxide (H 2 O 2 ) to rapidly generate hydroxyl radicals (•OH) for completely degrading methyl blue and methyl orange within 20 min [16] . Compared to the •OH with the redox potential of E° = 2.7 -2.8 V [34] and the short half-life of 10 -3 µs [35] , the SO 4 • − with a similar redox potential of E° = 2.5 -3.1 V [36] has a much longer stability (half-life 30 -40 µs) in the dye effluents [35, 37] . In addition to the reactive environment, the Fe 2+ /H 2 O 2 system is preferred at pH range from 2 -6, which largely limits the actual industrialization. In comparison, the broad operative pH range of the SO 4 • − [37] is the second attractive property in water treatment. According to Nidheesh and Rajan [38] , the AOPs involved SO 4 • − have a higher removal efficiency for pollutants and can be used in a wide pH range (i.e. 3, 6 and 9).
Peroxymonosulfate (PMS) [39, 40] and persulfate (PS) [41] are two important resources for producing the SO 4 • − . Traditionally, the SO 4 • − can be generated by the homogeneous energetic
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A C C E P T E D M A N U S C R I P T 5 activation of UV [42] or thermal activation [43] and heterogeneous catalytic activation of metal-free catalysts [44] or metal-based catalysts [45] . Especially, the reaction rate of SO 4 • − by homogeneously energetic activation (e.g. heat, k = 1.0 × 10 -7 M -1 ·s -1 [46] ) is much lower than heterogeneously catalytic activation by transition metals, such as using iron as the catalyst with the reaction rate of k = 2.0 × 10 1 M -1 ·s -1 [46] . However, the most important drawback to the transition metals/SO 4 • − system is that the leached metallic ions would react with the PS/PMS to reduce the activation rate, and the salinity as well as natural inorganic ions in the water would consume the generated SO 4 • − . According to those aforementioned advantages and disadvantages, developing an advanced catalyst that has high efficiency in catalytic activation of SO 4 • − and low leaching rate of the transition metals as well as the effect of the salinity or natural inorganic ions for degrading contaminants in wastewater is always a challenging topic.
Eosin Y (EY), also named as Acid Red 87, is a xanthene red dye that defined as a conjugated π system [47] . The EY dye is broadly used in dyeing, printing, leather, and fluorescent pigment, and painting industries because of its low prices and bright color. The carcinogenicity of EY has been experimentally confirmed, and the acute poisonousness of the dye can lead to a variety of chronic effects to the health of inhabitants and damages to the environment [48] . Therefore, to explore an effective, low cost, and environmental-friendly catalyst is increasingly concerned in the textile or paper industry. This work reports the sulfate radicals (SO 4 • − ) and hydroxyl radicals (•OH) activation from PMS using 
systematically examined, and the corresponding pseudo-first-order reaction kinetic rates (k) are thoroughly studied.
Materials and methods

Materials
The metallic glass with a nominal atomic composition of Fe 73. 
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A C C E P T E D M A N U S C R I P T Table 1 Characteristics and structure of Eosin Y dye. The experimental parameters were briefed in Table 2 . Reaction time (min) up to 50
The characteristic absorption peak of Eosin Y was measured to be λ max = 516 nm. Eq. (1) computed the color removal rate of EY solution:
( 1) where C 0 is the initial concentration at t = 0 and C is the concentration of EY dye at time t.
The equation of the pseudo-first-order kinetic reaction model was estimated using Eq. (2): (2) where k obs (min -1 ) is the kinetic rate constant, C 0 is the initial concentration at t = 0 and C is the concentration of EY dye at time t. 
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Results and discussion
Catalyst characterization
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Electrocatalytic performance
MGs have been attracting extensive attention in wastewater treatment due to their excellent corrosion resistance behavior [52] [53] [54] . As shown in Fig. 2 , the potentiodynamic polarization curve and EIS measurements are recorded after observing a relatively stable OCP of the Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 glassy ribbon. Fig. 2(a) shows the potentiodynamic polarization curve that is characterized from cathodic and anodic polarization region.
Notably, no standard Tafel region can be observed, but it can be clearly seen that the corrosion potential of the glassy ribbon is approximately at -0.35 V, which is much higher than the MgZn-based MGs (-1V) [12] and slightly greater than the Fe 78 Si 9 B 13 glassy ribbon (-0.6V) [55] . This result proves that the Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 glassy ribbon has a strong corrosion resistance campared to the other two MGs. With respect to the anodic region of the polarization curve, unlike the 316L stainless steel [56] or other coated materials with superior corrosion resistance, the manufactured MGs reveals a low polarization resistance of the passive film, presenting a considerably strong electron transfer ability on the metal surface [55] . Considering the Nyquist plot ( Fig.   2b ) and the Bode plot (Fig. 2c) , two times constant equivalent circuit module (Fig. 2d ) is used to fit the EIS results. The circuit model constitutes with a parallel combination of a constant phase element (CPE 2 ) and a charge transfer resistance (R ct ), in cascade with the passive film resistance (R f ), and then parallel with another constant phase element (CPE 1 ) and next in series connected with solution resistance (R s ). The using of CPE 1 and CPE 2 are because the material surface is never ideal flat, it is normally considered as a rough or defective layer on the surface of the electrode [60] . As can be seen from Figs. 2(b) and (c), the obtained results from potentiodynamic measurements and EIS data are in very good agreement.
A C C E P T E D M A N U S C R I P T and the corresponding reaction rates (k) are shown in Fig. 3 and Table 3 , respectively. 2) the produced reactive species from ribbon surface are not sufficient to consume extra organic molecules within the same time intervals; 3) the increased number of molecules could increase the optical density of solution, leading to less UV-vis light energy being transferred for producing SO 4 • − from PMS [25, 41] . A C C E P T E D M A N U S C R I P T 
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parameter in the dye degradation. Fig. 3(c) ). Consequently, the generated •OH and SO 4 • − could oxidize organic molecules into nontoxic by-products (Eq. 10). In addition, the effect of pH plays a significant role in the Fenton-
18 like process. MGs can effectively activate PMS to generate reactive species, which can efficiently decompose the aromatic rings in dye molecules [62] .
In general, the intermediate compounds are very important to be analyzed during the dye degradation process in chemistry. However, the primary objective at the current stage in this work is to investigate the dye degradation efficiency and the mineralization by Fe-based metallic glass. As such, TOC experiments were conducted investigated to prove that the toxic organic dye pollutants have been degraded and mineralized. Fig. 4 verifies the dye degradation and mineralization process. It is observed that TOC removal rate increases with the reaction time and up to 60 % can be reached within 30 min, indicating that the reactive species generated by PMS activation can effectively convert dye molecules into CO 2 , H 2 O and other harmlessly inorganic substances. Similar TOC removal rate can be achieved with a wide pH range, which is reported by Sarath et al. [63] . However, more than 50% of mineralization rate can be seen within 20 min in this work, indicating a higher efficiency.
During the Eosin Y mineralization, the intermediates including 2-(2-formylphenyl)-2-carboxylate, 2-(2-(3,6-dihydro-2H-pyran-4-yl)phenyl)2-carboxylate and 3,5-dibromocyclohex-5-ene-1,2,4-trione are proposed to be generated in the photo-enhanced oxidative degradation [62, 64] , after which radical groups on the benzene ring are 
Effect of reaction temperatures
Regarding chemical reactions, the reaction temperature is always considered as an important experimental condition. Fig. 5(a) shows the evaluation of the degradation efficiency in the temperature ranging from 25 to 60 °C . Notably, the degradation rate rises along with the increase of temperature. A highest efficiency at the temperature of 60 °C is observed compared to other temperatures. It agrees well with other literatures [65, 66] . Table 3 .
Apparently, increasing the reaction temperature will lead to a higher reaction rate. 
Where A is the pre-exponential factor, R g is the ideal gas constant (8.314 J/K•mol) and T is the reaction absolute temperature (K). Based on Eq. (11), the activation energy can be calculated as E a = 22.2 kJ/mol for EY dye degradation by Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 MGs over the
temperature range from 30 to 60 °C . The result shows that the removal of EY dye is a chemically controlled processes [68] . The activation energy for ordinary thermal reactions using crystalline Fe-based catalysts is between 60 and 250 kJ/mol [69] . Therefore, a lower energy is required for the oxidation reaction process using catalysts with an amorphous structure. As mentioned above in Fig. 5(a) , the decolorization is sensitive to the temperature.
Thus, it is important to investigate the effects of temperature on this chemical oxidation reaction mechanism. In Fig. 5(d to 66% within 20 min. It reveals that the degradation efficiency can be effectively enhanced at higher reaction temperature. Although both the temperature and UV-vis irradiation are important factors in this oxidation process, it is still not clear that which one has a relative higher contribution during the reactions. From Fig. 5(d) , the color removal rate achieves 91%
after 50 min at 25°C under the UV-vis irradiation intensity of 7.7 µW/cm 2 , while the decolorization efficiency without UV-vis irradiation only reaches 71% after 50 min at 50 °C .
It reveals the light irradiation is more favorable than temperature in this degradation process.
Effect of salinity and natural inorganic ions
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A C C E P T E D M A N U S C R I P T would further strengthen the glass-forming ability (GFA) [16] and improve the surface stability [16, 41, 58] . Therefore, the effective electron transfer could enhance the activation Fig. 1(b) . In addition, it can be seen from Fig. 10(b) that there are some precipitations around the corrosion area, which can be comfirmed as Si/Nb oxides. Those precipitation are very similar as reported previously [41] , as generated near the rougher areas.
According to previous discussion of extreme low Nb leaching concentration in Fig. 4 , it can be known that the inclusion of Nb can promote the formation of Nb oxides on the surface, which are very hard for shedding, and enhance the surface stability avoiding fast decay of surface as demonstration in Fig. 10 [16, 41] . Therefore, the activation efficiency of 
Conclusion
This work reports the PMS activation using 
